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(54) Title: BIPOLAR POWER TRANSISTOR AND MANUFACTURING METHOD 

(57) Abstract 

The present invention relates 
to a vertical bipolar power transis- 
tor primarily intended for radio fre- 
quency applications and to a method 
for manufacturing said bipolar power 
transistor. The power transistor com- 
prises a substrate (13), a collector 
layer (15) of a first conductivity type 
on the substrate, a base (19) of a 
second conductivity type electrically 
connected to the collector layer, an 
emitter (21) of said first conduc- 
tivity type electrically connected to 
the base, said base and said emit- 
ter each being electrically connected 
to a metallic interconnecting layer 
(31, 33), said interconnecting layers 
(31, 33) being at least in parts sep- 
arated from the collector layer (15) 
by an insulation oxide (17). Accord- 
ing to the invention the power tran- 
sistor substantially comprises a field 
shield (25) electrically connected to 
the emitter, and located between the 
metallic interconnecting layer of the 
base and the insulation oxide. 
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BIPOLAR POWER TRANSISTOR AND MANUFACTURING METHOD 
Technical field 

The present invention relates to a vertical bipolar power transistor and to a method 
of manufacturing a bipolar power transistor, said power transistors being primarily 
5 intended for high frequency applications, especially radio frequency applications. 

State of the Art 

Bipolar transistors for power amplification at high frequencies must, for a given 
10 supply voltage and operation frequency, fulfil a large number of detailed require- 
ments concerning power amplification, ruggedness, breakdown voltage, noise, dis- 
tortion, capacitance, input- and output impedance, etc. The operation frequencies for 
modern telecommunications electronics vary within the radio wave and microwave 
area. The requirements on the output power vary from a few watts to several hun- 
15 dred watts, where, in the latter case, several components connected in parallel in a 
casing may be used. Power transistors operate at high signal levels and high current 
densities. The computer tools currently available are not capable of simulating, in a 
detailed manner, the behaviour or performance in practical applications. 

20 The semiconductor material most frequently used for power transistors, at least at 
frequencies below 3GHz, is silicon. Also, because of the higher mobility of elec- 
trons compared to holes, primarily power transistor of npn type are used. The tran- 
sistor structure is normally vertical, with the collector contact at the back of the sili- 
con substrate. A collector layer is epitaxially deposited on the substrate, and field 

25 oxide can then be formed on top of the collector layer outside the active areas. The 
base and the emitter are formed through diffusion or ion implantation from the top 
down in the active areas of the epitaxial layer. Metallic interconnecting layers are 
formed higher up in the structure. 
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By varying the degree of doping in the collector, the base and/or the emitter, it is 
possible to obtain different types of frequency and breakdown characteristics. Dif- 
ferent horizontal geometries give transistors with different current capacities. 

The field oxide in transistors normally serves two purposes: isolation of components 
and reduction of parasitic capacitances to the substrate. For a bipolar power transis- 
tor normally no isolation of the components is needed, as the collector is constituted 
by the substrate. The purpose of the field oxide then becomes to isolate the metal 
layers from the substrate so that the parasitic capacitances between them are mini- 
mized. 

One of the most critical parameters for power transistors at very high frequencies is 
the signal amplification. The signal amplification may be expressed as (see for ex- 
ample R. Allison, Silicon bipolar microwave power transistors, IEEE Trans. Mi- 
crowave Theory and Techniques, Vol. MTT-27, No. 5, s 415, 1979): 



where G 0 is the so called beta value, that is the zero frequency amplification/is the 
frequency and/ mca is the maximum oscillation frequency (for power amplification). 

When the beta value and the frequency are high, that is, when 

v J max ' 



the amplification G (fi may be written as 
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where f T is the maximum border frequency (for current amplification), R b is the base 
resistance and C bc is the base collector capacitance. 

The three key factors for obtaining a high power amplification thus are maximum 
border frequency, minimum base resistance and minimum base collector capaci- 
tance. See also, for example, H.F. Cooke, Microwave transistors: theory and design, 
Proc.IEEE, Vol. 59, p. 1163, 1971. 

By using polysilicon in the emitter, a higher cut-off frequency may be obtained 
without the base resistance becoming too high compared to an emitter that has only 
been ion implanted. 

The base resistance may be reduced by reducing the vertical dimensions of the 
power transistor. 

The base-collector capacitance consists of both junction capacitance and metal- 
substrate capacitance. The junction capacitance is detemiined by the degree of dop- 
ing on the least doped side, that is, the collector side, and cannot be adjusted much 
because of the relation between collector doping and base-collector breakdown volt- 
age. 

The metal-substrate capacitance can, in ways known in the art. be reduced, both by 
increasing the thickness of the field oxide as pointed out above and also by minimiz- 
ing the metal area. 
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The maximum practical field oxide thickness is achieved at approximately 2.5-3 
jam, depending on the thermal budget, on junction leaks caused by mechanical stress 
and on limitations in the process integration. By using, for example, HIPOX (High 
Pressure Oxidation) a thicker oxide, approximately 3 \im thick, may be obtained in a 
5 shorter time, said thicker oxide fulfilling the requirements on the thermal budget. To 
avoid large differences in height in the obtained surface topography and facilitate 
further processing, a transistor having a thick field oxide may be manufactured by 
etching back the epitaxial collector layer by approximately half of the desired field 
oxide thickness outside the base and emitter areas, and then thermally oxidizing said 
10 etched back surfaces to obtain a substantially plane surface topography. An elevated 
area is, however, formed in the border area between the field oxide and the silicon, 
and this elevated area must be etched. 

Summary of the Invention 
1 5 The object of the present invention is to obtain a vertical bipolar power transistor 
with high performance, especially improved amplification, said power transistor 
comprising a substrate, an epitaxial collector layer on said substrate, a base and an 
emitter formed in the epitaxial layer. 

20 This is achieved by reducing the parasitic base metal-collector substrate capaci- 
tance, which is achieved according to the invention by introducing a field shield 
between a interconnecting layer connected to the base and the field oxide, said field 
shield being electrically connected to the emitter. 

25 The field shield is to be located in the passive area of the power transistor, that is, 
outside the component area. 

The transistor can further preferably comprise a thick field oxide between the epi- 
taxial collector layer and metallic interconnecting layers located above it. 
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It is feasible to manufacture the inventive bipolar power transistor by a deposition 
step, two masking steps, and two etching steps being added to a conventional proc- 
ess. The field shield is made by depositing an electrically conductive layer, followed 
5 by masking and etching. The electric connection to the emitter is achieved by the 
masking and etching of a contact hole in an isolating layer laying on the field shield, 
and subsequently filling said contact hole with a interconnecting layer connected to 
the emitter. 

10 An advantage of the invention is that the amplifying characteristics of the power 
amplifier are significantly improved when an inventive field shield is introduced. 
The field shield reduces the base-collector capacitance at the expense of the base* 
emitter and the emitter-collector capacitance. The latter ones are less important as 
regards the amplifying characteristics of the power transistor. 

15 

The performance of the power amplifier is further improved when a thick field ox- 
ide is used in combination with the field shield. 

Brief Description of the Drawings 

20 The invention will be described in more detail in the following, with reference to the 
appended drawings, which are only shown to illustrate the invention and shall not in 
any way be taken to limit the scope of the invention. 

Figure la shows a cross section of a detail of an inventive bipolar power transistor 
25 intended for high frequency applications. 

Figure 1 b shows a principal mask layout for the metallic interconnecting layer of a 
power transistor and a field shield according to the invention. 
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Detailed Description of Embodiment 

In Figure la reference numeral 1 1 denotes a detail of an inventive vertical bipolar 
power transistor intended for high frequency applications. The power transistor 
5 comprises a substrate 13 over which an epitaxial layer 15 is deposited. This layer 
1 5, preferably n doped, constitutes the whole, or part of, the collector of the power 
transistor. The substrate 13 may be n doped and may also constitute part of the col- 
lector, collector contacts being created on the lower side of the substrate. 

10 Alternatively, the substrate may be p doped or may be of a semi-insulating material, 
creating a subcollector between the substrate 13 and the epitaxial layer 15 and col- 
lector contacts on the upper side of the epitaxial layer. Such a "buried layer" em- 
bodiment is not shown in the figures. 

15 In the epitaxial layer 15 a first p doped area 19, adjacent to the upper surface of the 
epitaxial layer, is formed, constituting the base of the power transistor. Also a sec- 
ond n doped area 21 adjacent to the upper surface of the epitaxial layer is formed in 
the first area 19. This second area 21 constitutes the emitter of the power transistor. 

20 The base 19 and the emitter 21, respectively, are electrically connected to a first and 
a second metallic interconnecting layer 31,33, respectively. In the cross section 
shown in Figure la only the connection of the emitter to the interconnecting layer 
33 is shown. The power transistor can laterally be of a so called interdigitated type, 
for example as disclosed in US 5,488,252, of a so called mesh type or of a so called 

25 overlay type. All the above mentioned types are mentioned, for example, in the 
above mentioned reference by H.F. Cooke. 



The metallic interconnecting layers 31,33 are at least in parts separated from the 
epitaxial layer 15 by an insulation oxide 17, the edge 17a of which can be said to 
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constitute a border between the active area of the transistor, that is, the area in which 
the active components are positioned, and the passive area of the transistor, that is 
the area in which the insulation oxide 17 is located and in which the main part of the 
interconnecting layer 27 of the base and the bonding pad of the base are found (not 
shown in Figure la). Of course there is also a passive area on the emitter side with 
part of the emitter's interconnecting metal and the bonding pad of the emitter (not 
shown in Figure la). The power transistor can also comprise an insulating layer 27 
in parts over the insulation oxide 17. 

According to the invention a field shield 25 is located between the first metallic in- 
terconnecting layer 3 1 and the insulation oxide 17. This field shield 25 should be 
electrically conductive, for example of n doped polysilicon or metal, and connected 
to the emitter 19 of the power transistor. This connection is achieved by etching at 
least one contact hole 29 in the insulating layer 27, said contact hole 29 being filled 
with the interconnecting metal 33 of the emitter. 

In this way a base-collector capacitance is transformed to a base-emitter capacitance 
and an emitter-collector capacitance. These latter capacitances are less important as 
regards the effect on the amplifying properties of the power transistor. 

The field shield according to the present invention in the lateral dimension is located 
in the above mentioned first passive area. In Figure la the field shield 25 is shown 
with the edge 25a facing the active area clearly located in the passive area, that is, in 
Figure la, to the left of the edge 17a of the insulation oxide. 

In Figure lb a principal mask layout for the metallic interconnecting layer 31, 33 of 
the power transistor is shown, in which the lateral extension of the field shield ac- 
cording to the invention is indicated 25. Here also the first passive area 41 is shown, 
comprising, among other things, the bonding pad 45 of the base and the area 43 with 



WO 99/01900 




PCT/SE98/00975 



8 



active components, respectively, such as emitter areas 21 and p+ doped base contact 
areas 47, parts of which are shown in Figure lb. These areas 21, 47 are overlapped 
by the metallic interconnecting layers 31, 33. 

The detail 1 1 shown in Figure la is a cross section along one of the metallic emitter 
arms 33 shown in Figure lb. 

Further, the edge 17a of the insulating oxide is indicated, as are three contact holes 
29, which are etched in the insulating layer 27 and filled with metal from three me- 
tallic emitter arms, which in turn constitute part of the metallic interconnecting layer 
33 of the emitter. The number of contact holes is preferably as high as the number 
of emitter areas 21 and the number of metallic emitter arms. A relatively large por- 
tion of the metallic interconnecting layer 31 of the base is also shown in Figure lb. 
Thus it is understood that large parts of the base metal - collector substrate capaci- 
tance is eliminated by the emitter connected field shield 25 according to the innova- 
tion. 

Further actions that may be taken to decrease this capacitance according to the in- 
vention are using a thick insulating oxide 17, preferably having a thickness of at 
least approximately 2-3 urn. In this way the performance of the power transistor is 
further increased. 

It is feasible to manufacture an inventive bipolar power transistor by adding one 
deposition step, two masking steps, and two etching steps to a conventional process. 

On the doped, epitaxially deposited collector layer 15, traditionally a thin layer of an 
oxide is deposited, followed by a thin layer of a nitride (not shown in Figures la or 
lb). Through these thin layers ion implantation of the base 19 takes place, and sub- 
sequently, according to the invention, a silicon layer, preferably having a thickness 
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of approximately 200-500 nm, is deposited. This silicon layer is relatively heavily 
doped, and then masked and etched back to obtain the inventive field shield 25. The 
doping may be performed either integrated in the conventional process simultane- 
ously as the back of the structure is being doped or in a separate ion implantation. 
5 Alternatively the field shield 25 is manufactured in metal, in which case no doping 
is necessary. Masking and etching must take place in such a way as to place the 
field shield in the passive area of the power transistor, as shown in Figures la and 
lb. 

10 A insulating layer, especially a TEOS layer, is then deposited, which is to be 

masked and etched to obtain the insulating layer 27 shown in Figure la. This must, 
however, be done in two separate steps, since the etching of the inventive contact 
holes 29 is to stop at the silicon, while the conventional etching of emitter openings 
and base contact openings is to stop at the nitride. Preferably, the insulating layer is 

15 masked and etched first to obtain the contact holes 29 and then the masking and 

etching are performed to obtain the emitter openings and the base contact openings. 
The manufacturing process then continues in a conventional way, 

A vertical bipolar power transistor according to the present invention is primarily 
20 intended for radio frequency applications, especially for use in an amplifier stage in 
a radio base station, but can also be used for, for example, cable TV and satellite 
telephony. 

The amplification characteristics of the power transistor can be significantly im- 
25 proved by the introduction of an inventive field shield, which reduces the base- 
collector capacitance at the expense of the base-emitter and the emitter-collector ca- 
pacitance. 
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The invention is, of course, not limited to the embodiments described above, and 
shown in the drawings, but may be modified within the scope of the appended 
claims. In particular, the invention is not limited by material, geometry or dimen- 
sions. The invention may, for example, be implemented in silicon as well as com- 
posite semiconductors, for example III-V semiconductors such as gallium arsenide. 
Also, the bipolar power transistor may of course be of pnp type. 
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Claims 

1. A vertical bipolar power transistor, comprising a substrate, a collector layer of a 
first conductivity type on the substrate, a base of a second conductivity type electri- 

5 cally connected to the collector layer, an emitter of said first conductivity type elec- 
trically connected to the base, said base and said emitter each being electrically con- 
nected to a metallic interconnecting layer and said metallic interconnecting layers at 
least in parts being separated from the collector layer by an insulation oxide, 
characterized by a field shield (25) located between the metallic interconnecting 

10 layer (31) electrically connected to the base (19) and the insulation oxide (17) and 
electrically connected to the emitter (21). 

2. A vertical bipolar power transistor according to claim 1, characterized in that the 
field shield (25) is located in the passive area (41) of the power transistor, especially 

1 5 in the area above which the interconnecting layer (3 1) electrically connected to the 
base (19) and a bonding pad electrically connected to the base, are located. 

3. A vertical bipolar power transistor according to claim 1 or 2. characterized in 
that it is made primarily from silicon. 

20 

4. A vertical bipolar power transistor according to claim 1 or 2. characterized in 
that it is made primarily from a composite semiconductor material, preferably from 
gallium arsenide. 

25 5. A vertical bipolar power transistor according to any one of the claims 1-4, char- 
acterized in that the field shield (25) is doped to said first conductivity type. 

6. A vertical bipolar power transistor according to any one of the claims 1-4, char- 
acterized in that the field shield (25) is made of metal. 
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7. A vertical bipolar power transistor according to any one of the claims 1-6, char- 
acterized in that it is of a so called interdigitated type. 

5 8. A method for the manufacturing of a vertical bipolar power transistor, in which a 
collector layer is deposited on a substrate and doped to a first conductivity type, a 
base of a second conductivity type is arranged in electric connection to the collector 
layer, an emitter of said first conductivity type is arranged in electric connection to 
the base, metallic interconnecting layers are arranged in electric connection to the 
10 base and the emitter, respectively, and an insulation oxide is arranged which at least 
in parts separates the metallic interconnecting layers from the collector layer, 
characterized by the steps of 

arranging a field shield (25) between the metallic interconnecting layer (31) electri- 
cally connected to the base (19) and the insulation oxide (17) and 
1 5 electrically connecting said field shield (25) to the emitter (2 1). 

9. A method according to claim 8, characterized by the step of arranging the field 
shield (25) by deposition of an electrically conductive layer, said layer being 
masked and etched. 

20 

10. A method according to claim 8 or 9, characterized by 

arranging the field shield (25) in the passive area (41) of the power transistor, espe- 
cially in the area above which the interconnecting layer (31) electrically connected 
to the base (19) is arranged. 

25 

1 1 . A method according to any one of the claims 8-10, characterized in that the 
field shield (25) is made from silicon. 

12. A method according to any one of the claims 8-1 h characterized by 
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electrically connecting the field shield (25) to the emitter by arranging an insulating 
layer (27) over the field shield (25), creating contact holes (29) to the field shield 
(25) by masking and etching back said insulating layer (27) and filling said contact 
holes (29) with the metallic interconnecting layer (33) electrically connected to the 
5 emitter (21). 




Fig. la 




Fig. lb 
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□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
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